ABSTRACT
INTRODUCTION
elatively recent research has examined various aspects of firm and industry financial performance for agricultural and food system (Neibergs, 1998; Schumacher & Boland, 2005 ; Trejo-Pech, Weldon, & House, 2008; Chaddad & Mondelli, 2010) . While the motivation for these studies varied, a common component on them was that performance was measured using accounting based measures of profitabilty. This study follows a similar approach. In particular, we decompose accounting returns of agribusinesses and test variability over time and across sectors.
To decompose accounting returns we use the DuPont equation as our main framework. The DuPont equation simply separates the return on equity into three parts, net margin, asset turnover, and leverage. After further decomposition of the DuPont equation and some transformations, we use regression analysis to study the financial indicators that affect the accounting return on investment for a sample of agribusiness over a twenty three years period. We also examine whether agribusiness' accounting returns vary across sectors within the U.S. food supply chain (e.g., test of cross-sectional effects). Finally, we test whether there is a time fixed effect in agribusiness' accounting returns. If any time effect exists in this sector, we investigate if there are coincidences with economic recessions.
The textbook or traditional DuPont equation has the return on equity (ROE) as (1) ROE measures the overall profitability of a firm, being a function of profit margin (PM), asset turnover (ATO), and leverage. The first two components of equation 1 equal the return on assets or ROA (i.e., net income divided by total assets). ROA has been extensively used to examine historical performance and as measure for potentially predicting future 'operating' performance. In particular, the common form to analyze ROA is performed by focusing on the return on net operating assets -measured as net operating income divided by net operating assets or total assets minus current liabilities. Selling & Stickney (1989) use net operating income after taxes, while Fairfield & Yohn (2003) use net operating income before taxes (and interest). Nissim & Penman (2001) suggest a With respect to agricultural sectors, the literature provides multiple explanations for the profitability measures. Forster (1996) analyses rates of return, solvency, liquidity and other financial ratio measurements in agribusinesses. Foster found that the capital structure and business risk of agribusiness are interrelated in determining accounting returns. In addition to the specific within firm financial factors mentioned above, there is an increasing interest regarding agribusiness profitability in response to macroeconomic conditions. Empirical results indicate that macroeconomic conditions (i.e. fiscal policy, business cycles) have differing effects on agribusiness profitability dependent on the firm's financial structure and market segment (Neibergs, 1998) .
DATA AND METHODOLOGY

Variables
The overall approach of this study is based on the framework provided by the DuPont relationship provided in equation 1. However, the financial ratios for the empirical implementation are not exactly derived from the DuPont formula but are rather proxies of micro aspects of firms' operating and financial conditions. This "extended" DuPont methodology has ten financial ratios that serve as independent variables explaining agribusinesses profitability. 1 To exclude the tax burden impact, which is independent of operating efficiency, we use in this study earnings before tax as proxy for net income. We decompose four underlying financial ratios as determinants of profit margin (PM, the first component in equation 1). The profit margin function takes the following form: (2) where GM is gross margin, SG&A is selling, general and administrative expenses, INT is interest expenses, and R&D is research and development expenses. All indicators are divided by net sales.
The second component of equation 1, the asset turnover (ATO) ratio, measures the efficiency of a company's usage of assets in generating sales revenues. For an agribusiness, the major assets include accounts receivables; inventory; and property, plant and equipment. Thus, the asset turnover function is (3) where AR is accounts receivables turnover (net sales divided by average accounts receivables), INV is inventory turnover (cost of goods sold divided by average inventory), and PP&E is property, plant and equipment turnover (net sales divided by average property, plant and equipment).
The third part of the DuPont equation is leverage, which is defined in equation 2 as total assets divided by equity. From the basic accounting equation (total assets is equal to total equity plus debt), leverage can be transformed into total debt divided by total assets (D/A). We prefer this transformation because financial debt proxies that involve equity in the denominator can be less stable than debt ratios scaled by total assets. Firms may experience drastic net income fluctuations that create problems in the calculation of equity used in financial ratios. For example, a current period large net loss might result in firm's retained earnings causing a negative or small positive equity balance. In addition, the market value of debt is more stable than the market value of equity. The function for D/A is (4) where STD is short-term borrowings to total assets, CD 2 is the current portion of long-term debt to assets, and LTD is long-term debt to assets.
Following the discussion above related to the variability of equity, instead of using equity we scale earnings before taxes by investments, defined as total assets minus current liabilities (i.e., liabilities without financial cost). Return on investment is thus defined as, (5) ROI is a relative more comprehensive measure of a firm's ability to generate returns to pay for its capital employed. While investment may be defined in a number of ways, we use net capital employed, which is the summation of fixed assets, other investments, and net working capital (equivalent to the denominator in equation 5).
Model
To test the linear relationship of the component ratios and the firm's return on investment, the ten underlying ratios are treated as independent variables. We assume that return on investment is non-randomly affected by both the cross-section and time-series. Because of the assumption that the cross-section and time-series effects are fixed, the models are essentially regression models with dummy variables that correspond to the specified effects. The two-way fixed effects regression model 3 is as follows:
where:
Y it is ROI of industry i in year t, α 0 is the intercept coefficient of dropped dummy industry i in the dropped year t, X it are the ten independent financial ratios of industry i in the year t, µ i represents cross-section effects that are constant over time, ν t represents time effects that are common to all groups, and ε it is the residual error for industry i in year t. http://www.cluteinstitute.com/ © 2013 The Clute Institute
This panel regression assumes that slopes are constant, only intercepts vary according to cross-section and time. This model specifies i-1 sector dummies, and t-1 time dummies to avoid perfect multicollinearity (Greene, 2012) .
Data
Financial statement data for this study is from the Compustat database from Standard & Poors. We filtered agribusinesses from Compustat based on the 3-digit SIC code as implemented in Trejo-Pech, Weldon, & House, 2008. Two major industries and their thirteen sectors are assumed to make up the U.S. food supply chain. One major industry is agricultural wholesale and retail trade, referred to as food wholesale, retail, and service, or FWRS. The FWRS industry includes three sectors; retailers, food wholesalers, and food service ( Table 1 ). The second industry is agricultural processing and marketing, referred to as food processing and beverage, or FPB. The FPB industry contains ten sectors ( Table 2 ). The original sample contains 6,157 firm-year observations for the 1986-2008 time period. Eighty eight firms had missing values for major financial items and were removed from the sample. The final sample includes 6,069 firm-year observations, with 47% of the total observations belonging to the FPB, and 53% to the FWRS. For any industry, over time, new firms enter while distressed firms leave. In addition, during the past couple decades many agribusiness firms were merged or acquired. This causes the panel data used in this study to be variable and unbalanced. Given that the purpose of this study is to explore the sectors effects and time effect on the sectors' return on investment for the FPB and FWRS industries as opposed to the individual firms', the weighted mean of financial ratios to measure the industry's primary financial condition is a better proxy of industry performance. In our model, net sales is used to calculate the weighted average 4 of the financial ratios. After computing sectors averages by the weighted method indicated above, there are 299 (or 13 x 23) sector-year samples in the data set. Each variable in each sector is calculated as an average value yearly. By industries, there are 230 and 69 computed means in FRB and FWRS respectively after taking the weighted average by net sales. The unbalanced firm-year panel data is transformed into a balanced sector-year panel data.
Summary Statistics
Summary statistics for the dependent variable are provided by industry groups in Tables 1 and 2 based on 3-digit SIC sectors. Mean and standard deviation of the ten explanatory financial ratios for all sectors in the two industries of food supply chain are shown by pooled years in Table 3 .
The average return on investment for the FWRS industry over past 23 years was 11.4% with a standard deviation of 2.7%. From the three sectors, the food wholesaling has the highest return level, 13.9%, followed by food services with 10.5 %, and finally the food retail sector with 9.8%. The food wholesale sector is the most variable while food retail sector is relatively stable.
In the FPB industry, all ten sectors have average returns on investment higher than 10%. The average return on investment of the entire FPB during the past 23 years is 15.5% with a standard deviation of 2.3%. This accounting return for the FPB is 4.1% higher than that of the FWRS. Among the ten sectors of FPB, sugar and confectionery is the most profitable with an average return of 21.2%. Three sectors, meat, bakery, fats and oils, have returns below 11%. There appears to be little correlation between the average and the standard deviation across sectors. Table 3 provides the mean and standard deviation of the ten explanatory financial variables for all sectors among the food supply chain over the 23 years. Overall, in terms of gross margin, the FPB industry outperforms the FWRS with 36.5% (standard deviation of 3.6%) compared to 22.1% (2.2%). The sectors with the highest gross http://www.cluteinstitute.com/ © 2013 The Clute Institute margins in the food supply chain are tobacco, beverages, bakery and sugar and confectionery, all belong to the FPB industry. Also, FPB operates more "aggressively" than FWRS by spending a larger portion of net sales on SG&A expenses, interests, and R&D expenditures. From the perspective of assets usage efficiency, companies with low profit margins usually tend to have high asset turnover. This is true in the food supply chain as well. FWRS has higher assets turnover rates than FPB. For instance, accounts receivable turnover in the FWRS industry (33.9) is 2.97 times higher than FPB (11.4) . This is because the trading and services industry deal with final customers. Similarly, the inventory turnover in FWRS (18.8) is 2.83 times faster than in the FPB industry (6.6). The same happens for PP&E turnover, the FWRS industry requires less manufacturing equipment. The above indicates that the FWRS has by far higher assets usage efficiency in generating sales. 6%) (0.6%) (3.0%) (0.2%) (1.49) (1.39) (0.75) (2.4%) (3.2%) Table 3 provides means and standard deviation (in parenthesis). GM is gross margin; SG&A is selling, general and administrative expenses to sales; INT is interest expenses to sales; R&D is research and development expenses to sales; AR is accounts receivables turnover; INV is inventory turnover; PP&E is property, plant and equipment turnover; STD is short-term borrowings to total assets; CD is the current portion of long-term debt to assets; and LTD is long-term debt to assets. , but had increases in returns during the other economic recession years. These trends indicate that other factors are more important in determining variation in accounting returns. Accounting return on investment might be more sensitive to management's strategies than to business cycles.
RESULTS
The results of the two-way fixed effects panel regression for equation 6 are presented in Tables 4 through 9 . Tables 4 and 5 present the results for the analysis of the financial ratios effect on firm accounting returns for the FPB and FWRS industries, respectively. Tables 6 and 7 present the results for the cross-section and time effects for the FPB industry, while Table 8 and 9 provide results the FWRS industry. 
Financial ratios
The proposed relationship between accounting returns and the set of financial ratios in the FPB industry is statistically reliable (e.g., R square of 0.7182 and joint statistical significance at 1%). However, no all ratios are statistically significant. The proxies GM, INT, SG&A and R&D have the right signs (i.e., positive for margins and negative for expenditures) and are all statistically significant at the 5% level. It is worth noting that R&D in the food processing and beverage sector has not been effectively increasing contemporaneous profitability, which can be attributed to the lagged effect of research and development expenditures.
The second financial component tested is the significance of assets turnover. For this, there are three ratios; AR, INV and PP&E. Only PP&E (net sales/ average PP&E) with a value of 0.01 is statistically significant at the 1% level. Probably returns in t are not affected by the level of assets turnover as the DuPont equation predicts, but rather but the change from t-1 to t, which represents the improvement in asset usage efficiency.
The final component of the DuPont expansion is leverage. The long term debt to assets ratio (LTD) is statistically significant, while the other two are not. LTD has a coefficient of -0.142, an inverse relationship with accounting returns. One percent increase in long term debt results in a decrease in ROI by 0.142 percent.
The results for the FWRS industry are provided in Table 5 . The regression model with respect to the FWRS has an R square of 0.795 and F-statistics of 9.77 (p-value of 0.00). As with the FPB industry the GM, INT, and SG&A ratios have the right signs; gross margin is significant at 15%, interest expense over sales is significant at 5%. For all the remaining ratios only long term debt to assets is statistically significant at 5% level. Debt load is significantly affecting the profitability of FWRS (and FPB) inversely. One percent increase in the LTD/A ratio will result in a decrease in accounting return by -0.56% and one percent increase in interest expense per dollar of sales will decrease return by -4.46%. http://www.cluteinstitute.com/ © 2013 The Clute Institute In summary, accounting returns (i.e., returns on investment) are affected by financial indicators according to the DuPont extended decomposition and the ad hoc transformations we modeled. The model explains at least 70% of variation (e.g., adjusted R square), and most estimated parameters have the right sign. While the expected signs of profit margins factors seem obvious and probably worthless to be modeled, signs and magnitudes of asset turnover and leverage are more an empirical problem, especially the latter. The traditional DuPont equation (1) shows that leverage should increase the return on equity, but cannot predict the effect on return on investment. Empirically, according to our model, long-term debt -but no short-term debt, negatively affects return on investment of agribusinesses.
Cross-section and time effects
The two-way fixed effect panel model is constructed to test for cross-sectional and time effects at the same time. The null hypotheses for these tests are that the parameters of sectors and time dummies are zero, there are no effects. It is a twofold test. The first stage jointly tests both the cross sectional and time effects. To explore the detail of fixed effects, two separate one-way fixed effect regressions are developed regarding the sector difference and time impact, respectively. It looks first at the sector effects which are assumed constant over time. In this study, this effect refers to the within differences of the component sectors in the FPB and FWRS. The second test aims to capture the differences over 23 years that is common to all component sectors in the U.S. food supply chain and to explore whether the time effect pattern follows the recent three economic recessions.
The basic output of the two-way fixed-effects model for the FPB industry is given in Table 6 . In Panel A, the ten cross sections refer to the 3-digit SIC code that starts with 201 and ends with the tobacco sector with SIC code 210. The 23 time observations cover the 1986-2008 period. The F-test for the joint fixed effects is 5.15, significant at 1%. Panel B provides the results of the two separate effect tests. There are both sector and time effects, statistically significant at 1% level. Table 7 presents the two-way fixed effects regression results for the FPB industry. 5 The parameter estimate of sector tobacco in year 2008 is the intercept (-0.038), a reference point. The other dummy parameter coefficients can be computed using this reference point as follows: intercept plus sector dummy coefficient plus year dummy coefficient. For example, the actual intercept of meat sector (201) in year 2007 is 0.043 (-0.038 + 0.06 + 0.021). Thus, holding other explanatory variables constant, the accounting return of the meat sector in 2007 is 0.081 (0.06+0.021) higher than the tobacco sector in 2008. Examining the parameters in Table 7 , six of the cross-sections are statistically different from the tobacco sector, the reference: meat; canned, frozen, and preserved fruits and vegetables (CFP F & V), grain mill, sugar and confectionary, fats and oils, and miscellaneous food. A significant influence of sector-specific factors is present in the FPB industry. Inspection of the time effects shows that in eleven of the first fourteen years the time effects are statistically significant at 5% while none of the last eight years are significant. The time effects pattern do not match with the three economic recessions during the observation range. Thus, while time effects exist, there is no clear evidence to indicate a strong relationship between the years of the recession and the time effects, in terms of profitability. The two-way fixed-effects model output for the FWRS industry is provided in Table 8 . There are three cross sections (retailers, food wholesalers and food service) and the 23 time years from 1986 to 2008. The F test for the two-way fixed effects shown in the Panel A provides evidence that there are no joint fixed effects. Likewise, results in Panel B indicate an absence of any sector effect and time effects. In essence, there is no statistical difference in accounting returns across sectors in FWRS over the past 23 years. The output of FWRS in the Table 9 corroborates this result. Six of the early years are significant, while the last 15 years are all not significant. In summary, there are both sector and time effects in the FBP industry with regard to accounting returns. The within industry differences on returns imply that even though the ten sectors in this industry seem common they perform differently in terms of accounting returns. In addition, while returns change over time, these returns are not systematically affected by economic recessions, that is, FBP accounting returns have not been negatively affected by the three recent economic recessions. In contrast, no fixed effects are documented for the FWRS industry. The three sectors in this industry tend to perform in tandem.
CONCLUSIONS
This study examines the U.S. agribusiness' profitability from 1986 to 2008. By using regression analysis, we model accounting returns as a function of diverse financial indicators. To select the explanatory variables we further decompose the DuPont equation and perform some ad hoc transformations to model return on investment (rather than return on equity). In addition, using a two-way fixed effects model, we test within sectors and time effects of returns. We compare time effects with the three most recent economic recessions (July 1990-March 1991, March-November 2001, and December 2007-still in progress as of 2011).
Our model explains at least 70% of variation (R squares of 0.72 and 0.80 for the FBP and FWRS industries respectively, statistically significant at 1% level). Most estimated parameters have the right sign. While the expected signs of profit margins factors (e.g., gross margin, and expenditures) seem obvious and probably worthless to be modeled, signs and magnitudes of asset turnover and leverage are more an empirical problem, especially the latter. While the signs of assets turnover could be explained (e.g., an increase in inventory turnover increases returns, and an increase in accounts receivable could decrease returns by the effect of uncollectible accounts), with the exception of PPE turnover, these parameters are no statistically significant. We believe that accounting returns in t are probably not affected by the level of assets turnover as the DuPont equation predicts, but rather by the change from t-1 to t, which represents the improvement in asset usage efficiency. With regards to leverage, the traditional DuPont equation (1) shows that leverage should increase the return on equity, but cannot predict the effect on return on investment. Empirically, according to our model, long-term debt -but no short-term debt, negatively affects return on investment of agribusinesses.
In terms of the sector and time tests performed, the two industries have different results. Significant crosssection effects are present in the FPB industry. Returns are significantly different across sectors in that industry. However, the opposite is true for the FWRS' sectors returns because the cross-section effect is not significant.
We find both sector and time effects in the FBP industry with regard to accounting returns. The within industry differences on returns imply that even though the ten sectors in this industry seem common they perform differently in terms of accounting returns. In addition, while returns change over time, these returns are not systematically affected by economic recessions. That is, while there are significant time effects in the FPB, the fluctuation of accounting returns is not associated with recession periods, which indicates that there are other factors or reasons that are playing a more important role in the fluctuation of firm's profitability. In contrast, no fixed effects are documented for the FWRS industry. The three sectors in this industry tend to perform in tandem. Ultimately, this study concludes that accounting returns in the food supply chain are mainly affected by management operating strategy. Economic recessions do not have significant impact on profitability of the U.S. food supply chain statistically.
